Aim: Examine the effects of selected types of exercise (aerobic, strength training, both) on BMI z-score in overweight and obese children and adolescents. Methods: Randomized exercise intervention trials ࣙ 4 weeks were included. Studies were retrieved by searching six electronic databases, cross-referencing and expert review. Dual selection and abstraction occurred. Risk of bias and confidence in cumulative evidence were assessed. Network meta-analysis was performed using multivariate random-effects meta-regression models while surface under the cumulative ranking curves were used to calculate a hierarchy of exercise treatments. The number needed to treat (NNT) and percentile improvement (U 3 ) were also calculated. Results: Thirty-four studies representing 2,239 participants were included. Median exercise occurred 3 times per week, 50 minutes per session over a 12-week period. Statistically significant reductions in BMI z-score were found for aerobic exercise and combined aerobic and strength exercise, but not strength training alone (M±SD, 95% CI: aerobic, -0.10, -0.15 to -0.05; aerobic and strength, -0.11, -0.19 to -0.03; strength, 0.04, -0.07 to 0.15). Combined aerobic and strength training was ranked best, followed by aerobic exercise and strength training. The NNT was 2 for both aerobic exercise and combined aerobic exercise and strength training. Percentile improvements were 28.8% for aerobic exercise and 31.5% for combined aerobic exercise and strength training. Confidence in effect estimates was ranked as low for aerobic exercise and very low for combined aerobic and strength training as well as strength training. Conclusions: Aerobic exercise and combined aerobic exercise and strength training are associated with reductions in BMI z-score.
Introduction
Overweight and obesity in children and adolescents is a major global health problem. Ng et al. reported that between the years 1980 and 2013, the worldwide prevalence of overweight and obesity in children and adolescents from developed countries has increased from 16.9% to 23.8% in boys and from 16.2% to 22.6% in girls while in developing countries estimated increases of 8.1% to 12.9% (boys) and 8.4% to 13 .4% (girls) were reported (1) . Between the years 1971 to 1974 and 2011 to 2012, the prevalence of overweight and obesity in the United States has increased from 15.6% to 32.1% among boys and 15.2% to 31.7% in girls (2) . Not surprisingly, the estimated costs associated with childhood obesity are high. Finkelstein et al. estimated that the incremental lifetime medical costs of an obese 10-year old child in the United States were $19,000 greater when compared to a normal weight child of the same age (3) . Accounting for the number of obese 10-year-olds in the United States, the lifetime medical costs for this age alone was estimated to be approximately $14 billion (3) .
The deleterious effects of overweight and obesity during childhood and adolescence are both immediate and long-term (4) . Specifically, obese children and adolescents are more likely to have risk factors for cardiovascular disease (high cholesterol, high blood pressure, etc.), with approximately 70% possessing at least one risk factor (5) . In addition, obese adolescents are more likely to have prediabetes (6) . Obese children and adolescents have also been shown to be at a greater risk for bone and joint difficulties, sleep apnea, and social and psychological issues (stigmatization, poor selfesteem, etc.) (7, 8) . From a long-term perspective, obesity in children and adolescents has been shown to track into adulthood (9) (10) (11) (12) . As a result, this places them at a greater risk for cardiovascular disease, type 2 diabetes, stroke, several types of cancer, and osteoarthritis during adulthood (4) .
While one previous systematic review with meta-analysis reported statistically significant improvements in adiposity as a result of strength training in overweight and obese children and adolescents (13) , others that have focused on the effects of exercise as an independent intervention on adiposity as a primary outcome in male and female children and adolescents have reported non-significant changes (14) (15) (16) (17) (18) . However, all six suffer from one or more of the following potential limitations: (1) inclusion of a small number of studies with exercise as the only intervention (14) (15) (16) , (2) inclusion of non-randomized trials (13, 15) , (3) inclusion of children and adolescents who were not overweight or obese (15, 17, 18) , (4) reliance on pairwise versus network meta-analysis that incorporates both direct and indirect evidence (13) (14) (15) (16) (17) (18) , and (5) absence of an established hierarchy for determining which types of exercise (aerobic, strength training, or both) might be best for improving adiposity (13) (14) (15) (16) (17) (18) .
The investigative team has previously published metaanalytic research examining the effects of exercise (aerobic, strength training, or both) on body mass index (BMI) z-score (19) and BMI in kg ./ m 2 (20) in overweight and obese children and adolescents. For both meta-analyses, statistically significant and practically important reductions of 3-4% were observed (19, 20) . While these results are encouraging, especially at the population level, they were limited to indirect comparisons that focused on the pooled results of different types of exercise (aerobic, strength training, both) in pairwise meta-analyses (19, 20) . Network meta-analysis "is a meta-analysis in which multiple treatments (that is, three or more) are compared using both direct comparisons of interventions within randomized controlled trials and indirect comparisons across trials based on a common comparator" (21) . In addition, network meta-analysis provides the opportunity to rank treatments, for example aerobic, strength training, or both, with respect to their effects on the outcome(s) of interest. This is important because practitioners and policy-makers want to know which treatments work best and for whom.
To the best of the authors' knowledge, no previous network meta-analysis has examined the effects of aerobic, strength training, or combined aerobic and strength training on BMI z-score in overweight and obese children and adolescents. Therefore, the primary objectives of this study were to conduct a systematic review with network meta-analysis of randomized trials to determine the effects of exercise (aerobic, strength training, or both) on BMI z-score in overweight and obese children and adolescents as well as provide a ranking of treatments.
Methods

Overview
This study followed the guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) extension statement for network meta-analyses of health care interventions (22) . The protocol for this systematic review with network meta-analysis has been previously published elsewhere (23) and is registered in PROSPERO (#CRD42015026377).
Study eligibility criteria
The inclusion criteria for this network meta-analysis were as follows: (1) direct evidence from randomized trials that compared two or more exercise interventions (aerobic, strength training, both) or indirect evidence from randomized controlled trials that compared an exercise intervention group to a comparative control group (non-intervention, attention control, usual care, wait-list control, placebo), (2) exercise interventions ࣙ 4 weeks, (3) male and/or female children and adolescents 2 to 18 years of age, (4) participants overweight or obese, as defined by the original study authors, (5) studies published in any language, (6) published and unpublished studies (dissertations and Master's theses) between January 1, 1990 and September, 2015, and (7) data available or calculable for BMI z-score. For the purposes of this study, exercise, aerobic exercise and strength training were defined according to the 2008 Physical Activity Guidelines for Americans (24) . Specifically, exercise was defined as movement that is "planned, structured, and repetitive and purposive in the sense that the improvement or maintenance of one or more components of physical fitness is the objective" (24, 25) , aerobic exercise as "exercise that primarily uses the aerobic energy-producing systems, can improve the capacity and efficiency of these systems, and is effective for improving cardiorespiratory endurance" (24) , and strength training as "exercise training primarily designed to increase skeletal muscle strength, power, endurance, and mass" (24) . Studies were limited to randomized trials because it is the only way to control for confounders that are not known or measured as well as the observation that nonrandomized controlled trials tend to overestimate the effects of healthcare interventions (26, 27) . Intervention groups that included both exercise and diet performed concurrently were not included unless there was a diet-only group. Four weeks was chosen as the lower cut point for intervention length based on previous research demonstrating improvements in adiposity over this time period in 11-year old girls (28) . Participants were limited to overweight and obese children and adolescents as defined by the original study authors because it has been shown that this population is at an increased risk for premature morbidity and mortality throughout their lifetime (29) . Studies that took place in any setting were included. Based on our preliminary searching, the first studies that met our inclusion criteria were published in 2004 (30) (31) (32) (33) . However, to ensure that potentially eligible studies were not missed, the investigators searched back starting with 1990 versus 2004. The rationale for this approach was based on the assumption that no eligible studies would have been published prior to 1990.
Information sources
From the investigators' previous and broad database of studies addressing the effects of exercise on measures of adiposity in overweight and obese children and adolescents published between 1990 and 2012, a search for studies that met the aforementioned eligibility criteria was conducted. In addition, updated searches of the following six databases were conducted for studies in any language that were published and indexed between January 1, 2012 up to September 22, 2015: (1) PubMed, (2) Scopus, (3) Web of Science, (4) Cochrane Central Register of Controlled Trials, (5) CINAHL, (6) Sport Discus. Furthermore, cross-referencing from retrieved studies and reviews was conducted. Finally, the third author, an expert on exercise and obesity in children and adolescents, reviewed the reference list for completeness.
Search strategy
Search strategies were developed using text words as well as medical subject headings (MeSH) associated with the effects of exercise on adiposity in overweight and obese children and adolescents. While the exact terms varied somewhat depending on the database searched, key words included such terms as "exercise", "random", "children", "adolescents", "overweight" and "obese". Studies in languages other than English were translated using the freely available Google translate and Babblefish. The second author conducted all electronic database searches. A copy of all updated searches can be found in Supplementary file 1.
Study selection
All studies were screened, imported into Reference Manager (version 12) (34), and duplicates removed both electronically and manually by the second author. A copy of the database was then provided to the first author for duplicate screening. The first two authors selected all studies, independent of each other. The full report for each article was obtained for all titles and abstracts that appeared to meet the inclusion criteria or where there was any uncertainty. Multiple reports of the same study were handled by including the most recently published article as well as drawing from previous reports, assuming similar methods and sample sizes. Neither of the screeners were blinded to the journal titles or to the study authors or institutions. Reasons for exclusion were coded as one or more of the following: (1) inappropriate population, (2) inappropriate intervention, (3) inappropriate comparison(s), (4) inappropriate outcome(s), (5) inappropriate study design, (6) other. Upon completion, both authors met and reviewed their selections. Discrepancies were resolved by consensus. If consensus could not be reached, the third author provided a recommendation. After identifying the final number of studies to be included, the overall precision of the searches was calculated by dividing the number of studies included by the total number of studies screened after removing duplicates (35) . The number needed-to-read (NNR) was then calculated as the inverse of the precision (35) .
Data abstraction
Prior to the abstraction of data, a codebook that could hold more than 200 items per study was developed using Microsoft Excel 2010 (36). The codebook was developed by the first two authors with input from the third author. The major categories of variables that were coded included (1) study characteristics (author, journal, year, etc.), (2) participant characteristics (age, height, body weight, etc.), and (3) outcome characteristics for BMI z-score and body weight (sample sizes, baseline and post-exercise means and standard deviations, etc.). The first two authors abstracted the data from all studies, independent of each other, using separate codebooks in Microsoft Excel 2010 (36). Upon completion of coding, the codebooks were merged into one primary codebook for review. Both authors then met and reviewed all selections for agreement. Discrepancies were resolved by consensus. If consensus could not be reached, the third author provided a recommendation. Using Cohen's kappa statistic (κ) (37) , the overall agreement rate prior to correcting discrepant items was 0.94.
Outcomes and prioritization
The primary outcome in this study was changes in BMI z-score while the secondary outcome was changes in bodyweight in kilograms (kg).
Risk of bias assessment in individual studies
Risk of bias was assessed at the study level using the Cochrane Risk of Bias Assessment instrument (38) . The focus was on risk of bias with respect to the primary outcome, changes in BMI z-score. Bias was assessed across six domains: (1) random sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessment, (5) incomplete outcome data, (6) selective reporting and (7) whether or not participants were exercising regularly, as defined by the original study authors, prior to taking part in the study. Each item was classified as having either a high, low, or unclear risk of bias. Since it's probably impossible to blind participants to group assignment in exercise intervention protocols, all studies were classified as high risk of bias for the category "blinding of participants and personnel". Based on previous research, no study was excluded based on the results of the risk of bias assessment (39) . All assessments were conducted following the same procedures as for the abstraction of data. Using Cohen's kappa statistic (κ) (37) , the overall agreement rate prior to correcting discrepant items was 0.74.
Data synthesis
Calculation of effect sizes
The primary outcome for this study was changes in BMI z-score while the secondary outcome was changes in body weight. For indirect comparisons, changes were calculated by subtracting the change outcome difference in the exercise group minus the change outcome difference in the control group. Variances were calculated from the pooled standard deviations of change scores in the exercise and control groups. If change score standard deviations were not available, these were calculated from either (1) 95% confidence intervals (CI) for change outcome or treatment effect differences, (2) pre and post standard deviation values according to procedures developed by Follmann et al. (40) , or (3) data for BMI in kg . m 2 . However, before trying to estimate BMI z-score from BMI in kg/m 2 , BMI z-score data was requested from investigators. For direct comparisons, i.e., randomized trials with no control group, a post hoc decision was made to use the data augmentation approach described by White since it usually has a negligible effect on results (41) . Briefly, studies without a control group arm had one created by using the weighted average of the arm-specific means and standard deviations (41) . For studies in which changes in BMI z-score and body weight were assessed at multiple intervention time points, for example, 0, 4, and 8 weeks, data from the initial and last assessment were used. Insufficient data were available to analyze follow-up period results. Treatment effects for crossover trials were calculated by using all assessments from the intervention and control periods and analyzing them as if they were a parallel group trial of the intervention versus control group (42) . While this could result in a unit-of-analysis error, this is a conservative approach in which studies may result in being under versus over weighted (42) . Given the primary outcomes and expected distribution of findings, this approach was believed to be superior to alternative approaches such as only including data from the first assessment period or attempting to impute standard deviations (42) .
Pooled estimates for changes in outcomes
Separate network (geometry) plots for each outcome were used to provide a visual representation of the evidence base. While the a priori plan was to weight nodes (circles) by the number of participants randomized to each treatment and edges (lines) by the number of studies evaluating each pair of treatments, a post hoc decision was made to weight nodes and edges by the number of studies involved in each treatment and comparison, respectively (43) . Contribution plots for each outcome were used to determine the most dominant comparisons for each network estimate as well as for the entire network (43) . The weights applied were a function of the variance of the direct treatment effect and the network structure, the result being a percent contribution of each direct comparison to each network estimate (43) . Network and contribution plots were generated using the networkplot and netweight commands, respectively (43), in STATA, version 14.1 (44) .
Network meta-analysis was performed using a recently described multivariate random-effects meta-regression model (41) , an approach that can be performed within a frequentist setting, allows for the inclusion of potential covariates, and correctly accounts for the correlations from multi-arm trials (41) . The frequentist approach was chosen over alternative Bayesian models because it avoids sensitivity to priors and Monte Carlo error (45) . Non-overlapping 95% CIs were considered to represent statistically significant changes. Separate network meta-analysis models were used to examine changes in BMI z-score and body weight. For those studies that reported data for changes in BMI z-score and body weight using both intention-to-treat and per protocol approaches, a post hoc decision was made to prioritize analyses by taking the more conservative approach of only including intentionto-treat results. However, analysis was also conducted by only including per protocol results.
Both consistency and inconsistency models were fit for changes in BMI z-score and body weight (41) . Consistency models allow for intervention effects to be heterogeneous between studies but assumes no systematic differences between designs while inconsistency models allow for intervention effects to differ between designs to a greater degree than can be explained by the heterogeneity (41). For inconsistency, i.e., design by treatment model, the approach of Higgins et al., was used (46) . This produces the Wald statistic as a global assessment for inconsistency. An alpha value ࣘ 0.05 was considered to represent statistically significant inconsistency. Both consistency and inconsistency models were conducted using the recently updated mvmeta command for multivariate random-effects meta-regression (41) in STATA, version 14.1 (44) .
Prediction intervals were used to enhance interpretation of results with respect to the magnitude of heterogeneity as well as provide an estimate of expected results in a future study (47, 48) . Degrees of freedom (df) were set as the number of studies -the number of comparisons -1 (49) . Prediction intervals were produced using the mvmeta (41) and intervalplot (43) commands in STATA, version 14.1 (44) .
Small-study-effects (publication bias, etc.) were assessed using comparison adjusted funnel plots (43, 50) . Unlike traditional funnel plots in pairwise meta-analysis, funnel plots in network meta-analysis need to account for the fact that studies estimate treatment effects for different comparisons. Consequently, there is no single reference line from which symmetry can be evaluated. For the comparison adjusted funnel plot, the horizontal axis represents the difference between study-specific effect sizes from the comparison-specific summary effect. In the absence of small-study effects, the comparison adjusted funnel plot should be symmetric around the zero line. Since the treatments need to be organized in some meaningful way to examine how small studies may differ from large ones, comparisons were defined so that all refer to an active treatment versus a control group. Comparison adjusted funnel plots were produced using the netfunnel command (43) in STATA, version 14.1 (44) .
Transitivity, i.e., similarity in the distribution of potential effect modifiers across the different pairwise comparisons for each outcome (51), was assessed using random-effects network meta-regression analyses while controlling for different study designs within each comparison. Potential effect modifiers, determined a priori, included age, gender, baseline BMI z-score or body weight, length of training in weeks, and publication status (published versus unpublished). Post hoc, gender and publication status were not examined because only 2 results were available for females and all studies were published. Transitivity analysis was conducted using the mvmeta command (41) in STATA, version 14.1 (44) .
Ranking analysis, a major advantage of network metaanalysis, is the ability to rank all interventions for the outcome of interest. For this proposed project, ranking plots for a single outcome using probabilities were used (50, 52) . However, since the ranking of treatments based solely on the probability of each treatment being the best should be avoided because it does not account for the uncertainty in the relative treatment effects as well as the potential for assigning higher ranks for treatments in which little evidence is available, separate rankograms and cumulative ranking probability plots were used to present ranking probabilities along with their uncertainty for changes in BMI z-score and body weight (50, 52) . A rankogram for a specific treatment y is a plot of the probabilities of assuming each of the T ranks where T is the total number of treatments in the network (50, 52) . The cumulative rankograms display the probabilities that a treatment would be among the n best treatments, where n ranges from one to T (50, 52) . The surface under the cumulative ranking curve (SUCRA), a transformation of the mean rank, provides a hierarchy of treatments and accounts for the location and variance of all treatment effects (50, 52) . Larger SUCRA values are indicative of better ranks for the treatment (50, 52) . Separate ranking analyses for BMI z-score and body weight were conducted using the mvmeta (41) and SUCRA (43) commands in STATA, version 14.1 (44) .
To improve practical application, a post hoc decision was made to estimate the number needed to treat (NNT) as well as percentile improvement for those comparisons in which statistically significant improvements in BMI z-score and body weight were observed. This was accomplished by first converting overall changes in BMI z-score and body weight into standardized mean difference effect sizes (53) . Given the lack of information available on control group risk, the NNT was then estimated using the approach of Kraemer and Kupfer (54) . Percentile improvement was estimated using Cohen's U 3 index (55).
Software used for other analyses
Descriptive statistics were analyzed using Stata (version 14.1) (44), Microsoft Excel 2010 (36), and two add-ins for Excel, SSC-Stat (version 2.18) (56), and EZ-Analyze (version 3.0) (57). Cohen's kappa and U 3 statistics were calculated using Microsoft Excel 2010 (36).
Confidence in cumulative evidence
The strength of the body of evidence was assessed using a modification of the Grading of Recommendations Assessment, Development and Evaluation (GRADE) instrument for network meta-analysis (58) . This included evaluating the confidence in specific pairwise effect estimates as well as treatment rankings in a network meta-analysis across five domains: (1) study limitations, (2) joint consideration of indirectness and intransitivity, (3) joint consideration of statistical heterogeneity and statistical inconsistency, (4) imprecision and (5) publication bias (58) . From these assessments, the overall strength of evidence was ranked as either high, moderate, low or very low (58) . For randomized trials, scoring commenced at a high level and could be reduced by up to 2 levels for each domain and up to a maximum of 3 levels across all 5 domains (58). All assessments were conducted following the same procedures as for the abstraction of data and risk of bias for individual studies.
Results
Characteristics of included studies
Of the 6,087 citations screened, 34 studies representing 73 groups (40 exercise, 33 control) and up to 2,239 participants (1,400 exercise, 839 control) met the criteria for inclusion (31, 32, . The number needed to screen was 0.56% while the NNR was 179. Reasons for exclusion, in order of prevalence, included inappropriate study design (47.7%), inappropriate intervention (17.8%), inappropriate population (17.1%), other reasons, for example, editorials (14.2%), inappropriate comparison (1.8%), inappropriate outcome (1.4%), and unable to retrieve data (0.03%). A flow diagram that depicts the search process is shown in Figure 1 (63, 89) , while 3 employed alternative control groups (64, 83, 90 ) that included either (1) monthly lifestyle education classes on healthy diet, physical activity and stress management for all families (64), (2) dietary counseling and an energy deficit of 250 kcal per day for both intervention and control groups (83), or (3) participation by both exercise and control groups in physical education twice per week for 40 minutes per session (90) . Five studies used some type of matching procedure prior to randomization (32, 59, 64, 77, 83) . Two used race and sex (64, 77) , while 1 study each matched boys and girls according to either age, sex and BMI (32) sex and BMI (59), or sex and degree of overweight (83) . Two studies used a cross-over design (31, 88) . Direct evidence was available from 4 (11.8%) of the included studies (59, 74, 75, 83) . For the 22 studies (64.7%) in which it could be determined, 10 used the per protocol approach to analyze their data (59, 60, 69, 71, 73, 78, 80, 82, 84, 87) , 6 used intention-to-treat (63, 64, 77, 85, 86, 89) , and 5 used both (61, 66, 74, 75, 83) . One study reported no dropouts (76) . Eleven of the 34 studies (32.4%) reported conducting sample size estimates prior to the start of their investigation (31, 61, 63, 64, 66, 71, 74, 77, 83, 84, 89) . With regards to funding, 25 studies (73.5%) reported receiving external and/or internal funding for their research from government, university and private sources (31, 32, 59, 60, 63-66, 69, 71-75, 77-80, 82-85, 88-90) .
Participant characteristics
A description of the physical characteristics of the participants is shown in Tables 1 and 2 (76) . Three studies reported no change in physical activity beyond the actual exercise interventions in either the exercise or control groups (63, 66, 83 ) while 1 reported a decrease in both groups (69) . For hyperlipidemia, 5 studies reported that none of the boys and girls were hyperlipidemic (32, 67, 68, 76, 88) while 2 reported that some were (66, 80 (64) . With respect to hypertension, 9 studies reported that none of the boys and girls were hypertensive (32, 67, 68, 76, 80, 83, 87, 88, 90) while 2 reported that some were (66, 82) . Five studies reported that none of the participants had metabolic syndrome (65, 67, 68, 76, 83) while three reported the presence of such (32, 79, 82) . One study reported that participants were insulin resistant (66) while another reported impaired flow-mediated dilation (79) . was reported (32, 59, 60, 64-66, 82, 83, 85, 87) , 3 included those at the pre-and pubertal stage (32, 64, 85) , 2 at either the pre-pubertal (60, 66) , pubertal and post-pubertal stages (82, 87) , or post-pubertal stages (59, 83) , and 1 at the pre-pubertal, pubertal and post-pubertal stages (65) . Dropouts for the 18 studies (52.9%) that reported adequate information (32, 61, 63, 64, 66, (71) (72) (73) (75) (76) (77) (78) 82, 83, (85) (86) (87) 89) ranged from 0% to 34% in the 23 exercise groups (X ̅ ± SD, 12.5 ± 11.5, Mdn = 10) and 0% to 33% in the 18 control groups (X ̅ ± SD, 12.5 ± 11.3, Mdn = 15). Reasons for dropping out included work, changes in school hours, lack of funds for transportation, lack of motivation, unhappy with group assignment, refusal to complete testing, moved, medical condition that precluded continued participation, time, scheduling conflicts and pregnancy.
Exercise program characteristics
Pooled exercise intervention characteristics are shown in Table 3 while a study level description is provided CON, control; (X ̅ ± SD, mean ± standard deviation; M, males; F, females; M, Males, F, Females; LD, low-dose; HD, high-dose. *, study also included a leisure intervention but was excluded because it didn't meet our eligibility criteria. (59, 67, 74, 82, 90) . The number of strength training exercises performed for the 9 groups (56.3%) reporting data ranged from 3 to 13 (X ̅ ± SD, 9 ± 3, Mdn = 10) ( (59, 60, 67, 73-75, 82, 83) ). For the 24 of 40 groups (60.0%) in which data were available, 11 participated in moderate to vigorous intensity exercise (31, 32, 60, 66, 69, 73-75, 83, 84, 88) , 4 in moderate intensity exercise (63, 74, 75, 81) , 3 in either light to moderate (76, 84, 85) or vigorous (64, 86, 87) intensity exercise, 2 in very light, light, moderate and vigorous intensity exercise (67, 90) and one in moderate, vigorous and near-maximal exercise (82) . With respect to the delivery of exercise, 32 groups (80.0%) participated in supervised exercise (31, 32, 59-62, 64-70, 72-76, 78, 81, 82, 84-90) ), 4 in (10.0%) unsupervised exercise (71, 77, 79, 80) , and 4 (10.0%), of which 3 were from one study, participated in both (63, 83) .
Risk of bias assessment
A summary of risk of bias assessment findings is shown in Figure 2 while study-level results are shown in Supplementary File 4. As can be seen, all of the studies were considered to be at a high risk of bias with respect to the blinding of participants and personnel given the difficulty in blinding participants to exercise interventions (31, 32, Finally, half the studies were considered to be at either a high or unclear risk for incomplete outcome data (31, 32, 59, 60, 62, 65, 68-70, 72, 73, 78, 79, 81, 82, 84, 88) while all but one of the studies (86) were considered to be at a low risk of bias for random sequence generation.
Data synthesis
Changes in BMI z-score
Changes in BMI z-score were available from 34 studies (31, 32, . Figure 3 shows a network plot of results for BMI z-score. As can be seen, the most common comparator was the control group followed by the aerobic, aerobic and strength, and strength training groups. The most common pairwise comparisons were aerobic versus control followed by aerobic and strength versus control, strength versus control, aerobic versus strength, aerobic versus aerobic and strength, and aerobic and strength versus strength. The contribution plot in Figure 4 demonstrates that the control versus aerobic exercise comparison provided the largest contribution to the entire network (29.4%).
Consistency and inconsistency results are shown in Figures 5 and 6 . When limited to intention-to-treat findings for the three studies that also included data according to per protocol results (74, 75, 83) , statistically significant decreases in BMI z-score were observed for aerobic exercise as well as combined aerobic exercise and strength training. The NNT was 2 for both aerobic exercise and combined aerobic exercise and strength training while percentile improvements were 28.8% for aerobic exercise and 31.5% for combined aerobic exercise and strength training. Overlapping 95% prediction intervals were observed for both, suggesting that the comparisons may be affected by common heterogeneity in the network ( Figure 5 ). No other statistically significant changes were observed for any of the other comparisons. Visual inspection of Figure 6 shows the similarity of "pooled within design" and "pooled overall" results. These findings suggest no evidence of inconsistency between the different designs within each treatment comparison. In addition, the global assessment for inconsistency was not statistically significant. Thus, both results were suggestive of consistency. Funnel plot asymmetry for potential small study effects was observed for all three interventions when compared to controls (Figure 7) . When examined for transitivity, none of the potential effect modifiers (age, baseline BMI z-score, length of training in weeks) were statistically significant predictors of changes in BMI z-score for any of the treatments (results not shown).
Surface under the cumulative ranking curve (SUCRA) results for changes in BMI z-score are shown in Table 4 and Figure 8 . As can be seen, the best treatment was combined aerobic and strength training followed by aerobic exercise, strength training, and control. Overall, estimated and predictive probability results according to order were similar (Figure 8) . Results for BMI z-score were similar when pooling was limited to per protocol findings for the three studies that also included intention-to-treat findings (results not shown) (74, 75, 83) .
Strength of the evidence for BMI z-score treatment effect comparisons based on a modification of the GRADE instrument specific to network meta-analysis is shown in Table 5 . As can be seen, confidence in the results was considered low for 2 treatments and very low for the other 5. All of the treatments were downgraded based on study limitations and inconsistency, 4 for imprecision and 1 for potential publication bias. More detailed information for the basis of these judgements is shown in Supplementary Files 5 and 6.
Changes in body weight
Changes in body weight, a secondary outcome, were available from 28 studies (31, 32, 59-62, 65-77, 79-85, 88, 90 Supplementary File 7 shows a network plot of results for body weight. Similar to BMI z-score, the most common comparator was the control group followed by the aerobic, aerobic and strength, and strength training groups. The most common pairwise comparisons were aerobic versus control followed by aerobic and strength versus control, strength versus control, aerobic versus strength, aerobic versus aerobic and strength, and aerobic and strength versus strength. An examination of the contribution plot in Supplementary File 8 demonstrates that the control versus aerobic exercise comparison provided the largest contribution to the entire network (30.7%). Consistency and inconsistency results are shown in Supplementary Files 9 and 10. When limited to intention-to-treat findings for the three studies that also included data according to per protocol results (74, 75, 83) , statistically significant decreases in body weight were observed for aerobic exercise as well as combined aerobic exercise and strength training. The NNT was 3 for aerobic exercise and 2 for combined aerobic exercise and strength training while percentile improvements were 25.4% for aerobic exercise and 27.3% for combined aerobic exercise and strength training. Overlapping 95% prediction intervals were observed for both, suggesting that the comparisons may be affected by common heterogeneity in the network (Supplementary File 9) . No other statistically significant changes were observed for any of the other comparisons. Visual inspection of Supplementary File 10 shows the similarity of "pooled within design" and "pooled overall" results. These findings suggest no evidence of inconsistency between the different designs within each treatment comparison. In addition, the global assessment for inconsistency was not statistically significant. Thus, both results are suggestive of consistency. Funnel plot asymmetry for potential small study effects was observed (Supplementary File 11) . When examined for transitivity, none of the potential effect modifiers that could be assessed (age, baseline body weight, length of training in weeks) were statistically significant predictors of changes in body weight for any of the treatments (results not shown). Surface under the cumulative ranking curve (SUCRA) results for changes in body weight are shown in Supplementary Files 12 and 13. As can be seen, the best treatment was combined aerobic and strength training followed by aerobic exercise only, strength training, and control. Overall, estimated and predictive probability results with respect to order were similar (Supplementary File 13) . Results for BMI z-score were similar when pooling was limited to per protocol findings for the three studies that also included intention-to-treat findings (results not shown) (74, 75, 83) .
Overall strength of evidence results for treatment effect comparisons for body weight are shown in Supplementary File 14. As can be seen, results were the same as for BMI z-score; confidence in the results was considered low for 2 treatments and very low for the other 5. All treatments were downgraded based on study limitations and inconsistency as well as 4 for imprecision and 1 for potential publication bias. More detailed information for the basis of these judgements is shown in Supplementary Files 15 and 16 .
Discussion
Overall Findings
Based on non-overlapping confidence intervals, the overall findings of the current network meta-analysis suggest that aerobic exercise as well as aerobic exercise combined with strength training reduce BMI z-score in overweight and obese children and adolescents. However, findings for strength training were inconsistent, suggesting that some may benefit while others may not. Confidence in these findings is reinforced by a lack of inconsistency and apparent intransitivity. With respect to which intervention is best when limited to statistically significant findings only, combined aerobic exercise and strength training was consistently ranked as the best treatment followed by aerobic exercise. However, all prediction intervals included zero (0), suggesting that results for a future study may vary from beneficial to non-beneficial. In addition, while no statistically significant change in BMI z-score was observed for strength training, this may have been confounded by increases in lean muscle mass. Findings similar to the above were observed for body weight.
The results of the current study compare favorably to a previous aggregate data meta-analysis by the investigative team (19) . Across all types of exercise (aerobic, strength training, both) BMI z-score was significantly reduced (X ̅ , -0.06, 95% CI, -0.09 to -0.03) (19) . The statistically significant reductions in the current study, specific to type of exercise, are approximately 0.04 greater (40%) for aerobic exercise and 0.05 larger (45%) for combined aerobic and strength training. Thus, while the relative differences are large, the absolute values are not.
Implications for research
The results of the current study have several implications for research. With respect to future meta-analytic research, BMI z-score was chosen as the primary outcome in the current meta-analysis because it has been reported to be more valid than other BMI measures in children and adolescents (91) . However, BMI in kg . m 2 continues to be the most frequently assessed and reported measure of adiposity in both the clinical and public health setting. Given the former, it would appear plausible to suggest that a need exists for a network meta-analysis addressing the effects of selected types of exercise (aerobic, strength, both) on BMI in kg . m 2 among overweight and obese children and adolescents. In addition, since all types of BMI measures as well as body weight do not capture changes in body composition (fat mass, fat-free mass, etc.), the inclusion of such outcomes is also recommended. Such analyses might provide one with more accurate information regarding the effects of different types of exercise on selected measures of body composition in overweight and obese children and adolescents. With respect to the conduct of future randomized trials, the small number, as well as equivocal results available for strength training as a sole intervention, suggests that further work in this area may be necessary. In addition, it appears that a need exists for studies that examine the dose-response effects of exercise on measures of adiposity, including BMI z-score, in overweight and obese children and adolescents. Furthermore, the absence of an association in the current study between changes in BMI z-score with age, initial BMI z-score and length of training in weeks does not necessarily mean that such an association does not exist. Thus, it is suggested that these potential covariates be examined in original randomized trials. Along those lines, the inability to examine the association between gender and changes in BMI z-score in the current investigation warrants such analysis in original randomized trials. Finally, the monitoring of physical activity levels beyond the intervention for all participants during the study is recommended given the potential for physical activity compensation (92) . As an example, one of the studies included in the current network meta-analysis found that when compared to controls, total daily physical activity decreased in the exercise group (69) .
The results of the current systematic review with metaanalysis suggest several areas for improvement in the reporting of randomized trials addressing the effects of exercise on adiposity in overweight and obese children and adolescents. First, based on results using the Cochrane Risk of Bias Instrument, it is suggested that future randomized trials do a better job of reporting information on (1) allocation concealment, (2) blinding of outcome assessment, (3) incomplete outcome reporting and (4) the physical activity levels of the participants prior to study enrollment. While all studies were considered to be at a high risk of bias for blinding of participants and personnel, it is important to understand that it is virtually impossible to blind participants in an exercise intervention trial. Thus, this potential risk derives from the nature of the intervention versus any weaknesses in an investigative team's study design. Second, there was a lack of information reported on adverse events and the cost-effectiveness of the exercise interventions employed. Since adverse events and cost-effectiveness are important determinants in the decision of what interventions to recommend for whom, the reporting of such information in future trials is recommended. Third, it is suggested that future randomized trials report information on compliance of the participants to the exercise intervention in which they are assigned. In the current meta-analysis, data on compliance was available for only 32.5% of the exercise intervention groups.
Implications for practice
While additional high-quality research is needed regarding the effects of different types of exercise on BMI z-score in overweight and obese children and adolescents before any type of certainty might be established, the findings of the current study suggest that aerobic exercise as well as combined aerobic exercise and strength training may lower BMI z-score as well as body weight. In addition, the low NNT (2 to 3) and percentile improvements (25.4% to 31.5%) for BMI z-score as well as body weight lend support for the promotion of these types of interventions in both the clinical and public health setting. Given these findings, as well as the fact that exercise is probably a safe activity for most children and adolescents, it would seem plausible to suggest that overweight and obese children and adolescents participate in both aerobic exercise and strength training, especially given the numerous other benefits that might be derived from participation in such (93). With the following in mind, adherence to recommendations from the Centers for Disease Control and Prevention (93) as well as the World Health Organization would seem appropriate (94) . Broadly, this includes at least 60 minutes per day of moderate to vigorous intensity physical activity with an emphasis on aerobic types of exercise (walking briskly, bicycling, swimming, etc.) as well as strengthening exercises at least 3 days per week. While beyond the scope of the current study, it would also appear plausible to suggest that a combination of aerobic exercise and strength training along with an energy restricted diet may be optimal for reducing BMI z-score as well as body weight and other measures of adiposity in overweight and obese children and adolescents.
Strengths and limitations
The results of the current study have at least three strengths. First, to the best of the authors' knowledge, this is the first systematic review with network meta-analysis to focus on the different types of exercise (aerobic, strength, both) and their effects on changes in BMI z-score in overweight and obese children and adolescents. This is important because the current approach allowed for the inclusion of both direct and indirect evidence in the analysis, thereby leading to more informed decisions. Second, the current findings provide useful and recent information to practitioners, researchers, and policy-makers with respect to the effects of exercise on changes in BMI z-score among overweight and obese children and adolescents. Third, the inclusion of prediction intervals in the current study can be beneficial for investigators planning future randomized trials in which BMI z-score is a primary outcome.
In addition to strengths, the current study has at least six potential limitations. First, with the exception of aerobic exercise as well as combined aerobic and strength training, the number of effect sizes was limited to 5 or less for all other comparisons. Thus, it may be that the lack of a statistically significant improvement for some comparisons was due to the small number of effect sizes available for analysis. Second, the varying components nested within each type of exercise (intensity, duration, compliance, etc.) could have impacted the current findings. A third potential limitation, inherent in all aggregate data meta-analyses, is ecological fallacy. Thus, it may be that our group findings may not apply at the individual participant level. Fourth, like any aggregate data meta-analysis, the covariate results reported do not support causal inferences given that studies are not randomly assigned to covariates (95) . Thus, such associations would need to be tested in adequately powered randomized trials. Fifth, a large number of statistical tests were conducted but no adjustments were made for such, thereby leading to the possibility of chance findings. However, no adjustments for multiple tests were made because of concerns about missing possibly important findings (96) . Sixth, based on the GRADE assessment, the strength of evidence was rated as low or very low for the different comparisons. Thus, this may weaken the strength of the current findings. However, it is important to realize that while somewhat flexible, the GRADE assessment instrument may be overly conservative, thereby rendering it very difficult to derive an evidence rating of "high" (58) .
Conclusions
Aerobic exercise and combined aerobic exercise and strength training are associated with reductions in BMI z-score. However, a need exists for additional, well designed randomized trials before certainty is determined. Supplementary File 12 : Cumulative probability curves for the body weight network showing the estimated and predictive probabilities for each treatment being up to a specific rank. 
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